In the present paper, the Sznajd model of opinion formation with multi-valued opinions for the temperature T > 0 has been used for investigation of the election results in a population of N individuals represented by the nodes of a square lattice. Presence of temperature means that the population under consideration is open for the effect of external information. The distribution of opinions during the election campaign was found for different values of temperature and length of election campaign preceding the election. Comparison of the results of election to the Polish Parliament in the town with the population consisting 750000 voters, shows quite good agreement with the results of our calculations.
Introduction
Mathematical modeling is an fruitful approach for the investigations of dynamical phenomena in social systems. A number of models were proposed for analysis of such phenomena (see e.g., Ref. 1), in particular they enable to understand the connections between interpersonal interactions of the local character and the global dynamical properties of the whole social system.
One of such models is the model of Sznajd-Weron and Sznajd concerning opinion formation in the closed community 2 i.e., the community in which no effect of external information is taken into account. In this model a population is represented by a chain of spins with two values +1 and −1 referring to two opposite opinions of an individual. In the time evolution of the system two basic rules were active: if two nearest individuals share the same opinion, they convince their neighbors to this opinion, and if the opinions are different, their opinions are crossed.
Later the original Sznajd model was extended to two dimensional lattices, 3 randomly diluted regular networks, 4 small-world networks [5] [6] [7] and scale-free networks. [8] [9] [10] [11] Other generalization of the model was connected with introducing Q-valued spins representing Q values of different opinions of each individual.
12,14
In other papers the presence of noise in the system was taken into account, which may be connected with the external information effecting on the system.
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In the present paper we investigate the process of opinion formation in a population consisting of N individuals, who can have Q values of different opinions, located at the two-dimensional regular lattice. In our model the population is open, which means that external information can influence the state of population during its time evolution. In our investigations we focus on the diversification and unification processes of opinions, which takes place in the election campaign preceding the election. Special interest is devoted to the effect of the length of election campaign on the result of voting.
The Model
In our model the population of N = L 2 individuals (voters) is represented by the nodes of a square lattice. Connection of each node with its four nearest neighbors means interpersonal interaction ability. Each individual is described by its opinion S i (i = 1, 2, 3 . . . N ), which is an integer number with the values S i = 1, 2, 3 . . . Q. As an initial state {S i (t = 0)} opinions of individual in the population are chosen in a following way. We chose randomly one individual and set its opinion to the value q j (where q j ∈ [1, Q]) with the probability equals 1/q j . If this value is not drawn, this individual still has undefined opinion. This procedure is repeated N times. As a result in t = 0 some of individuals have defined opinions but most of them have undefined opinions.
Interaction of a pair of i−j neighbors depends on their opinions S i , S j . The state of the population {S i (t)} evolves in time as a result of interpersonal interactions. In every time step a pair of neighbors is randomly chosen, if they share the same opinion, they influence on their neighborhood and they convince all their six neighbors to this opinion. If individuals in the chosen pair have different opinions, they do not influence on their neighborhood.
In the time evolution of our system noise is taken into account, which is measured with the temperature T . As a result of the temperature in each time step, after the Sznajd convincing process, the opinion of an individual is modified in the following way. It remains unchanged with the probability 1 − P r , or becomes random with the probability P r , where
Let us consider the state of the opinion in our community at time t. If M (t) is the number of active opinions present in the whole system at time t divided by the
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number all possible opinions Q, then
In the case of the closed community, function M (t) is non-increasing:
and M (t) tends to the stable state, which equals min{M (t)} = 1/Q. Note that in closed communities there is no place for any minorities. Every minority is sooner or later absorbed by the majority. If a certain opinion vanishes in some t, it will never appear in the future. This property however, is not observed in real communities where the relation (3) is not true. Because of the effect of external information on the population, the equilibrium state of the system is not defined.
In such an open society, there are many types of stable minorities (like national, racial or language) and diversity of political orientations is accepted. In our simulations, following values of the parameters were used: N = 785641, Q = 534.
Results and Discussion
In our model we investigate the time evolution of our population in the time interval 0 < t < t ec , where t ec means the length of election campaign. We investigate the distribution of votes in the elections following the campaigns of different lengths t ec . In most of cases t ec < t tr where t tr denotes transient time of the system.
The relation between the number of surviving (or active) opinions and time for different values of temperature T is shown in Fig. 1 . For the initial state of population, the largest number of opinions is present in the community. For the smallest values of T (lowest curve for T = 0), after time greater than 300 steps, only a small number of opinions survives in the population. When the level of noise is higher (curves for T = 0.08, T = 0.10 and T = 0.12, respectively), a larger number of opinion survives and even for large times is still present in the population. For the greatest noise T = 0.18 (highest curve) almost all initial opinions are present in the population.
As results from Fig. 1 , different distributions of votes are expected in the elections following the election campaigns lasting the times t 1 = 60 steps and t 2 = 300 steps (arrows in Fig. 1 ). For the shorter campaign, a larger number of candidates has a chance for a significant number of votes in election. For the longer campaign a majority of votes is distributed between only several candidates (leaders). As we see the presence of noise enhances the number of opinions existing in the community and diffuses the result of election.
In Fig. 2 the time evolution of the state of population for T = 0.08 ( Fig. 2(a) ), T = 0.18 (Fig. 2(b) ) and T = 0.26 (Fig. 2(c) ) is shown and the opinions active in the population are marked as one of Q shades of grey. It can be seen, that for the smallest temperature T = 0.08, at the beginning of the time evolution (t = 20), large number of very small clusters (of the sizes of dots) corresponding to different opinions, is present. At the same time a few opinions are dominating, which are represented by the larger clusters. Next (e.g., for t = 60), the clusters grow and the number of small clusters decreases. For the relative large times, clusters corresponding to dominating opinions cover almost all population. For the greater temperature (T = 0.18), at the beginning of the time evolution (t = 20), a larger number of opinions with significant followers is active in the population. They are represented by the clusters with different shades of gray. For the greater time (t = 60) these clusters grow at the cost of very unpopular opinions represented by the dots (very small clusters). After t = 300 a number of different opinions is represented in the population. For the greatest temperature (T = 0.26) large number of opinions is represented in the population at t = 20. During the time evolution small changes in the distribution of opinions in the population are observed (t = 140) and this situation does not change even for large times (e.g., t = 600), however the number of active opinions decreases a little. Note, that the effect of the temperature on the population causes not only an increase of the opinion diversity, but also changes in the timescale (a large number of quite stable clusters coexists, even for a very long evolution times).
Let us discuss the distribution of votes in the election as a function of different times of campaign t ec and different noise levels. In Figs. 3(a) number of votes is connected with a large number of opinions (the most left point at Fig. 3(a) ). Larger number of votes is connected with a small number of opinions and the most right point in Fig. 3(a) corresponds to the state of population similar to that shown in Fig. 2(a) for t = 300. In Figs. 3(c) and 3(d) histograms are shown for the larger temperature T = 0.26. In this case large diversity of opinions is observed for t = 60, as well as for t = 300. We can approximate distribution of votes with the power law f (x) = ax b , with b = −3 for t = 60 and b = −2 for t = 300. The change of exponent during the time evolution is connected with the flow of votes from the marginal candidates to the leaders. Note that in both times the leaders are presented as a few, most right points in Figs. 3(c) and 3(d) . These leaders refer to the big clusters shown in Fig. 2(c) .
To describe the effect of evolution time for the distribution of votes during electoral campaign, we assign the candidates to three different classes. Each class means different popularity of the candidates. First class groups the most unpopular candidates with the sum of votes less than 0, 1% of all votes. In second class there are candidates with the support 0, 1%-1%. The third class groups leaders -candidates with sum of votes greater than 1%. In Fig. 4 the number of candidates for each class and the sum of their votes is shown.
For the smallest temperature T = 0.08 (Figs. 4(a) and 4(b)) the community is almost closed and no effect of external information exists. In such a case the middle class does not exist. Almost all candidates are assigned to the first class, but they have almost zero votes. The leaders class is very small, but gains the largest number of votes: over 50% at the early voting (t = 60) and almost 100% after long campaign (t = 300). This situation corresponds to the situation from Fig. 2(a) , where about five candidates dominate all the population.
For the large temperature T = 0.26 (Figs. 4(c) and 4(d)), the community is open and significant effect of external information on the population is observed. In the case of short campaign (t = 60) in the middle class there are almost 40% of candidates and over 30% after a longer campaign (t = 300). At the same time, the group of leaders gains almost 20% of votes at early voting and over 30% after a longer campaign. Also a small flow of votes from the group of most unpopular candidates to the group of leaders is observed when the time of the campaign is enlarged. Again, the time of campaign is most profitable for the leaders.
Results of our simulations were compared with the results of election for the members of Polish Parliament in Warsaw (750 000 voters in the population 1 600 000) in 2005 (Fig. 5) . In Fig. 5(a) results of election are shown. The results of corresponding simulations for almost the same number of voters, N = 758 641, and the number of opinions (which equals the number of candidates during this election) Q = 534, are shown in Fig. 5(b) . High number of votes obtained in Warsaw by the group of leaders (points lying on the right hand of Fig. 5(b) ) is the evidence of a rather long election campaign.
Conclusions
In the present paper we have investigated the Sznajd model of opinion formation with multi-valued opinions for the open community. This means that temperature T > 0 in the considered population, representing the influence of external information on the population, is taken into account in our calculations.
We have obtained that the increasing values of temperature increases the diversity of surviving opinions in the community. On the other hand, for T = 0 (closed community) only some opinions corresponding to the leaders in the elections survived.
We found, that the time of election has significant meaning on the result of the election. Longer campaign helps the leaders to gain new votes, because there is a flow of votes from the group of candidates with a moderate number of electors to the group of leaders. In the case of short campaign, the results of election are more diffused.
The results of our calculations were compared with the results of voting for the members of Polish Parliament in Warsaw in 2005 year and the distribution of votes obtained by the candidates in Warsaw agrees quite well with the results of our calculations. It means that even a simple model of social interactions based on Sznajd model delivers reasonable results.
